The gene extrumacrochaetue (emc) encodes a non-basic Helix-loop-helix (HLH) protein that interacts and antagonises other basic-HLH proteins. The expression pattern of emc, and the phenotype of lethal emc alleles indicate that this gene is operative in several developmental processes. Here we study the requirements for emc during cell proliferation and vein differentiation in the wing. Mosaic analysis of hypomorphic conditions of emc reveals the tendency of mutant cells to proliferate along the veins as long stripes. Large clones abuting two adjacent veins obliterate the corresponding inter-vein, affecting the size and shape of the whole wing. Thus, the emc gene participates in the control of cell proliferation within inter-vein regions in the wing. Similar effects were found in the haltere and in the leg. The behavior of emc cells in genetic mosaics indicate that (1) proliferation is locally controlled within inter-vein sectors, (2) cells proliferate according to their genetic activity along preferential positions in the wing morphogenetic landscape and (3) cell proliferation in the wing is integrated by 'accommodation' between mutant and wild type cells.
Introduction
Drosophila imaginal discs are model systems to study the cellular and genetic bases of cell proliferation control, pattern formation and morphogenesis (Garcia-Bellido and de Celis, 1992; Woods and Bryant, 1992) . The wing imaginal disc arises from a group of cells that become specified during early embryogenesis and proliferate extensively during the larval stages (Cohen, 1993) . Clonal restrictions define anterior and posterior (A and P) compartments in the disc primordium, their specification depending on the activity of the engruiled (en) gene which is expressed throughout development in posterior cells (Kornberg et al., 1985) . Subsequent clonal restrictions in second instar larvae define dorsal and ventral (D and V) compartments associated with the function of the upterous (up) gene in the dorsal cells (Diaz-Benjumea and Cohen, 1993; Blair et al., 1994) . Genetic and transplantation experiments which result in the confrontation of cells * Corresponding author.
belonging to different compartments indicate that the A/P and D/V compartment borders are major references for the ordered growth of the imaginal disc (Cohen, 1993) . Within compartments cells display a stereotyped pattern of division as revealed by a cell lineage analysis in the wing (Gonzalez-Gaitan et al., 1994) . The adult wing consists of a folded epithelium with the dorsal and ventral cell layers attached to each other by their basal cell membranes. The veins appear in the wing surface as longitudinal stripes of cells more compacted and pigmented than cells of inter-vein regions. Vein cells are specified genetically in the mature wing imaginal disc (Garcia-Bellido, 1977; Sturtevant et al., 1993) . Clonal analysis has shown that veins largely coincide with lineage restriction borders, and hence inter-vein territories can be considered as autonomous units of proliferation (Gonzalez-Gaitan et al., 1994) . The relationship between proliferation and patterning of the veins is illustrated by the association between wing venation mutants and alterations in the size of the wing (Diaz-Benjumea and Garcia- . Moreover the analysis in genetic 0925-4773/95/$09.50 0 1995 Elsevier Science Ireland Ltd. All rights reserveh SSDI 0925-4773(95)00436-5 mosaics of mutations affecting vein differentiation reveals that the proliferation abilities of mutant cells is heterogeneous in the wing disc, in relation to the distribution of vein and inter-vein territories (Garcia-Bellido and de Celis, 1992) .
We have analyzed the developmental role of the extramacrochaetae (emc) gene in the growth of the wing disc and the patterning of wing veins. The emc gene encodes a non-basic helix-loop-helix (HLH) protein that antagonizes the activity of some basic HLH proteins (Ellis et al., 1990; Garrel and Modolell, 1990 ). The emc gene shows a heterogeneous spatial pattern of expression during both embryonic (Cubas et al., 1994) and imaginal development (Cubas and Modolell, 1992) . In the wing disc, emc expression is related to the appearance of the precursor cells of the adult peripheral nervous system. The emc embryonic pattern of expression coincides with requirements of the gene in the correct specification of many cell types in all embryonic germ layers. Some cells that are incorrectly specified in emc mutant embryos, such as the malpighian tubules tip cell and the epidermal attachment sites for the embryonic muscles (Cubas et al., 1994) , express characteristic basic-HLH proteins (Armand et al., 1994; Hoch et al., 1994) , indicating that emc might be required in different developmental processes in the modulation of the activity of different basic-HLH proteins. Table 1 Clonal data of emc alleles
We show in this work that mosaics for emc loss-offunction alleles in the wing cause different phenotypes, ranging from cell lethality, restricted growth of mutant cells to vein territories, and failure of inter-vein territories to grow leading to fusion of adjacent veins. These results suggest that emc is required for proliferation of inter-vein cells and, consequently, to define the patterned vein differentiation. We discuss the relationships of emc requirements in the wing with the evolution of its expression pattern during larval and pupal development, as well as the requirements of the gene in the development of other imaginal discs.
Results

Wing genetic mosaics
We have carried out a clonal analysis of three allelic combinations of the emc locus; two corresponding to lossof-function conditions, em& in homozygosis and in heterozygosis over Df(3L)emcEi2 (here designated emc-) and a third to a gain-of-function (em&*). The first two are embryonic lethal genotypes and the last one is homozygous viable.
Twin analysis
Mitotic recombination in the X chromosome in flies of Experiment 1 (Table 1) gives rise to emdlemc-cells labeled with mwh and twin cells emc+/emc+ labeled with $ The mitotic location of frelative to Dp(3; Y;Z)emc+,mwh+ ensures that most f clones have a mwh twin clone (over 90% in control Experiment 2). However, many emc+ f clones appear without the expected emdlemc-mwh twin clones ( Table I) . As a rule large (i.e. earlier initiated) f emc+ clones appear without their mwh emc twin (Fig. 1A) . Mutant emdlemcclones are much smaller than their twins; the average ratio of mutant to twin clone size in Experiment 1 being 0.2 and 0.4 for two developmental time intervals while close to 1 in control Experiment 2 (Table 1) . Thus, inviability and reduced clone size are degrees of the same emc effect on cell proliferation. Mosaic wings have normal sizes, i.e. the lower viability of emc cells is compensated by growth of surrounding nonmutant cells.
The plot of all the mwh emc'lemc-and f emc+ twin clones in Experiment 1 shows that emc'lemc-clones are very elongated and have preferential locations in the wing blade (Fig. 1B) . They appear mainly along the veins (Fig.  IB,D ) and wing margin (Fig. lB,E) . By contrast single and twin f emc+ clones appear all over the wing blade. The absence of mwh emdlemc-clones and the position of the surviving ones relative to their twins indicates that emc mutant cells have differential viability depending on the region of the growing wing blade, and suggest that the requirements for emc are spatially heterogeneous.
Interestingly, the width in number of cells of long mwh emdlemc-clones is similar to that of normal veins (Fig. IB,D 
emdlemc-
clones (see below). Thus in clonal behavior emc' homozygosis corresponds to less insufficiency than in hemizygosis, as expected for a hypomorphic allele.
The emtiC* allele is homozygous viable. Adult wings of the homozygous are almost normal, with thinner veins.
p6" emcAch homozygous cells grow in heterozygous background like mwh em? twin cells (Experiment 4, Table 1 ). Also the phenotype of emtich clones is similar to that of the controls, albeit with a tendency to avoid growing along or differentiating veins (Fig. 1C ). This tendency is greater in emtich clones growing in an emtichlemcl background (Garcia-Alonso and Garcia-Bellido, 1988).
Minute analysis
M+IM+ clones in a MlM+ background exhibit a growth advantage that allows early initiated clones to grow into large wing territories (Morata and Ripoll, 1975 only cover 0.01 wing regions on average at the corresponding developmental times. These clones are much larger than emdlemcclones in the twin analysis, although they still grow as narrow and extremely elongated clones (less so in region E) despite the M+ proliferative advantage. They appear preferentially along the normal veins and wing margin ( Fig. 2A ,B,F), as well as in interveins, where they form ectopic veins (Fig. 2C,D effects on neighboring regions; (d) effects on the mosaic compartment; (e) effects on the opposite compartment. Empty symbols: data from M+ en& clones. Filled symbols: data from ti emc'lemc-clones. (a) inter-vein regions (A-E) with clones occupying 40-70% (left columns) and more than 70% of the region (right columns). In (b) circles represent clones abutting one vein, squares clones abutting two adjacent veins, and triangles clones internal to inter-veins. In (d) round rectangles represent clones that are both D and V abutting the A/P compartment boundary; rhombus clones that are both D and V; rectangles dorsal or ventral clones abutting the wing margin, circles clones abutting the A/P boundary and triangles internal clones.
clones does not change the size of the region where they appear. Clones are restricted to either dorsal (36%) or ventral (54%) wing surfaces, and 10% extend to both wing surfaces crossing the D/V boundary. These frequencies are similar to control, M+emc+, clones (44%, 44% and 12%, respectively).
This finding suggests that M+ emdlemccells grow similar to controls before the D/V restriction appears in the Minute discs. Later initiated M+ emdlemc-clones are, as expected, smaller (Table 1) but show otherwise the same phenotypes as early clones: they are elongated, run along on or close to veins and wing margin (3 1 out of 51 clones) and can differentiate ectopic veins (9 out of 20 clones in inter-veins).
The homozygous emc' condition in M+ clones ( (Fig. 2G,H ) and the reduction in size of the mosaic region. Reduction in size within inter-vein regions is stronger where the clone includes both adjacent veins (Fig. 3E,F) . When em& cells occupy full inter-vein regions, mutant adjacent veins usually become fused (Fig. 3B,D,F,H) . These size reductions are wing-surface autonomous; the opposite surface remains normal size and consequently bulges out from the wing plane, which results in a fold in flat microscopic preparations (Fig. 3) . The reduction in the size of mosaic regions also appear in M+ emc'lemc-clones in region E, where these clones are larger and broader (data not shown).
We have analyzed the spatial parameters that might influence size reduction of mosaic inter-vein regions. As seen in Fig. 4A there are no major differences between regions, with the exception of region C which shows smaller reductions. Smaller, i.e. later initiated, M+ emd clones (72-96 h AEL) can also reduce the size of wing regions when they occupy a large fraction of them (data not shown). Size reduction effects are positively correlated with the fraction of the region occupied by the clone (r = 0.7 l), irrespective of whether the clone abuts one or two veins or is internal to the inter-vein (Fig. 4B) . These three classes of clones give similar reductions in size when they occupy about 50% of an inter-vein region. Clones causing greater reduction in size tend to abut both neighbouring veins, at least in part of their territory (Fig.  3C,D,H) .
The presence of M+ emc' clones in one compartment not only cause its own reduction but also affect the adjacent A or P compartment (Fig. 4E ). Mosaicism causes a slight increase in the size of the adjacent compartment (up to 5%), has no effect, or reduces its size (up to 20%). Anterior clones are as effective in reducing P compartments as vice versa. A plot of the position of the clones causing a greater than 20% reduction on the opposite compartment (n = 9) does not reveal any preferential location or boundary.
We further analyzed whether inter-vein reduction is associated with changes in cell proliferation in neighboring regions, as defined by adjacent veins. There is an increase in size of the adjacent inter-vein in 33% of the cases and a reduction in size in 66% (Fig. 4C) . Size reduction in mosaic areas always affects both the anterioposterior and the proximo-distal axes of the wing (Fig. 3) . Size reduction is strongly correlated with the number of mutant inter-vein regions that the clone occupies (r = 0.83) (Fig. 4D) . In Fig. 4D clones that abut compartment boundaries (D/V or A/P) or are internal to the compartment are distinguished.
The reduction effects are largely independent of the topography of the clones relative to these boundaries. Thus, for clones M+ emd occupying only l-2 wing regions the average reductions are 17% for internal clones, 15% for clones bordering the D/V boundary and 20% for clones bordering the A/P boundary. Higher reductions are found in M+ emdlemcclones in region E (filled symbols in Fig. 4A ). However, for the same number of mutant regions, clones crossing the D/V boundary, and thus extending on both wing surfaces, cause greater reduction effects than those restricted to only one surface (30%, see Fig. 3 ).
M+ emd clones differentiate veins of a normal width at their borders close to normal veins. In their borders causing, in addition, a suppression of the neighboring non-mutant vein, which continues its normal course outside the clone. This phenomenon of emc clones 'capturing' normal veins can occur in all the wing veins, but it is especially remarkable when anterior clones capture and differentiate the L4 vein (Fig. 3E,F) , normally differentiated by cells of the P compartment. Finally, there are clones that differentiate veins in middle intervein regions when they are in the appropriate wing surface (Fig. 5). 
emc mosaics in other imaginal derivatives
We have investigated the clonal behavior of the same emc allelic conditions in the notum, halteres and legs. M+ emc'lemc-clones appear all over the mesonotum in a spatial distribution similar to that of control clones. M+ emc'lemc-clones are much smaller than the controls, more isodiametric than in the wing and their borders do not seem to coincide along any constant features (data not shown). Both types of mutant clones differentiate ectopic macrochaetae in the same characteristic patterns as described in Garcia-Alonso and Garcia-Bellido (1988). Large clones that fill the heminotum, and abut the contralateral heminotum, reduce its size (data not shown). Homozygous and hemizygous em& clones obliterate the prescutelar and notal sutures when extending through them (Fig. 6A) .
In the thoracic legs both M+ emcl and M+ emc'lemcclones are elongated, and, as control clones, they extend over several adjacent segments. They are associated with a reduction of the leg length as compared with the contralateral leg (Fig. 6B) . The length reduction of mosaic legs for clones occupying a large fraction of either A or P compartments is 30-40%. In addition, emc'lemc-M+ clones cause autonomously the obliteration of joints between tarsal segments (Fig. 6C) .
emc'lemc-M+ clones in the metanotum of the metathorax differentiate chaetae and surrounding thrichomes, in an otherwise denuded surface (data not shown). Clones in the capitellum are very elongated and also differentiate extra-chaetae (Fig. 6D) . The shape of these clones is different to the shape of M+ control clones, which when initiated at this early stages almost completely cover the A or P compartment.
emc expression patterns during development
The emc RNA expression pattern was analyzed in different larval instars and in pupal legs and wings (Fig. 7) . In the wing disc clear heterogeneities in the distribution of emc RNA appear in third instar discs (Cubas and Modolell, 1992) , with regions of prominent emc expression corresponding to dorsal, ventral and dorso-ventral stripes in both the anterior and posterior presumptive wing margin, and a wide stripe straddling the A/P boundary both in dorsal and ventral compartments (Fig. 7D,E) . In addition there are two broad stripes of emc expression in the presumptive notum and axilar wing regions. In second instar wing discs the heterogeneities in emc expression in notal region are already present, whereas the D/V and A/P stripes are absent (Fig. 7A) . Along with regions of heavy label there are regions of minimal expression in the third instar wing disc. In the notum they correspond to chaetogenie regions (Cubas and Modolell, 1992) . In the wing they correspond to vein L3, both dorsal and ventral, and stripes of cells that could correspond to other presumptive veins (Fig. 7E) . In the pupal wing all longitudinal veins and the cross-veins appear as stripes of 4-5 cells wide with weaker or no emc expression (Fig. 7G) .
In haltere discs the metanotal pattern is similar to that of the mesonotum (Fig. 7B) , despite the fact that the adult cuticular structures differ largely between segments. The haltere proper shows similarities to that of the wing in marginal areas, but lacks the heavy labeled band straddling the A/P boundary (Fig. 7B) , as happens in early wing discs (Fig. 7A ). In the leg disc there is a heterogeneous pattern of emc RNA expression (Fig. 7C ) and in evaginated pupal legs emc expression appears concentrate in the presumptive joints between segments (Fig. 7F ).
Discussion
Cell autonomous effects of emc on cell proliferation
We have analyzed the requirements of emc during the proliferation and differentiation of wing cells. emc null alleles are cell lethal in mosaics (Garcia-Alonso and Garcia-Bellido, 1988) whereas homozygous or hemizygous cells for the hypomorphic emc* allele grow less than their controls, and may fail to grow at all when mutant clones are initiated in early developmental stages. In M+ conditions emc clones may contain many times more cells than in non-Minute experiments, suggesting that the reduced size of emc clones is not due to any direct impairment in the capacity of cell division. The proliferation of emc mutant cells appears to be, however, influenced by cell competition processes (Simpson, 1979) between mutant and wild type cells. emcl hemizygous clones appear preferentially along the normal veins, growing in M+ condition as elongated stripes, 4-5 cells in width, that do not modify the size of the mosaic inter-vein region. However emc' homozygous clones in M+ condition may occupy a whole inter-vein region. In these cases they reduce its size and eventually obliterate the inter-vein, fusing two adjacent veins.
The emc gene encodes a non basic HLH protein (Ellis et al., 1990; Garrel and Modolell, 1990 ) being used as titrator of basic-HLH proteins in several developmental processes (Garrel and Campuzano, 1991; Cubas et al., 1994) . The effects of emc on cell proliferation in the wing suggest that the gene/genes antagonized by emc during wing development are related with the establishment of presumptive vein regions and the control of cell division in the inter-veins.
Thus the preferential location of emcl hemizygous clones along veins suggests that veins correspond to minimal emc requirements, and thus possibly to maximal expression or activity of the gene/genes antagonized by emc. Similarly, the failure of emc homozygous inter-vein regions to grow suggest that lower values of the gene/genes antagonized by emc are associated with intercalar growth between presumptive veins (Fig.  8) . Thus, emc smaller clone sizes are possibly due to the restrictions imposed upon mutant cells to grow only in certain subsets of the wing epithelium, those where the activity of the gene/genes antagonized by emc are maximal.
emc clones show growth effects in other mosaic organs. In the notum emc clones may appear everywhere and when the clone occupies a large fraction of the heminotum this is reduced in size. emc clones in the legs are very elongated and can run over several leg segments. In the legs only the length of the mosaic segment is clearly reduced in size, and wild-type cells cannot compensate for the growth failure in the proximo-distal axis. Interestingly emc clones in the haltere have similar characteristics to those in the wing, they are narrow and elongated, suggesting that the activity of the emc interacting genes is modulated in the haltere as in the wing, even if it is not associated with vein differentiation.
Non-autonomous effects of emc on cell proliferation
Reduction or obliteration of emc mosaic inter-vein territories has effects on non-mutant neighboring interveins in its own compartment and in the adjacent one. The adjacent non-mosaic inter-vein region can compensate by extending in size, but usually it grows to a smaller size. The reduction effects in neighboring regions are directly proportional to the reduction of the mosaic intervein, rather than to the size of the mutant territory. This suggests that reduction in size is due to 'accommodation' in cell proliferation between mutant and adjacent wildtype territories of the mosaic wing. In the same way we can explain the effects of emc clones on the size and shape of mosaic notum and legs. We have found similar cell autonomous and non-antonomous effects on wing cell proliferation in vein mosaics . The non-autonomous reduction in size is possibly explained in both cases by the linear reduction in the number of cells in the mosaic borders, used as reference for proliferation by both mutant and non-mutant cells. These effects extend to neighboring compartments, and as in the case of vein mosaics, we failed to detect major reduction effects for clones growing along compartment boundaries as opposed to internal clones, suggesting that the effects are local, within compartments, and on the proliferation of all the wing cells.
Requirements of emc in cell differentiation
emc clones tend to appear along the veins, differentiating veins normally positioned, and a subset of emcl hemizygous clones may also form ectopic veins along emc clones have other effects on cell differentiation in the notal sutures (prescutal and notopleural) and leg intersegmental joints. These epidermal ingrowths (apodemes) correspond to muscle attachment sites, and their failure to differentiate in emc clones reveal novel emc requirements in the differentiation of these particular epidermal cells. Interestingly, emc is also required during embryogenesis in the specification of the epidermal sites in which muscles attach (Cubas et al., 1994) .
Relationships between emc requirements and its spatial pattern of expression
We have extended the observations of the pattern of expression of emc RNA on third instar wing discs (Cubas and Modolell, 1992) to younger imaginal discs and to pupal discs. These patterns consist of heavy labeled regions and regions void of label. In late discs, heavy labeled regions in the notum, wing base and A/P compartment boundary do not seem to be related to the observed emc requirements in clones. The high expression of emc in these regions may reveal unknown roles of emc that cannot be detected with the hypomorphic alleles used in the clonal analysis. Surprisingly the label on the A/P boundary of the mature wing disc is absent in mature haltere discs and in second instard wing disc. However the D/V label of the wing margin is present in the haltere, although there are no cuticular features associated with this boundary in the adult haltere.
Low label regions in the presumptive wing blade correspond to veins and wing margin. In the latter only a line of 24 cells width along the D/V boundary remains labeled. At both sides of it, since early in development, two stripes of poorly labeled cells correspond to the presumptive wing margin along both anterior and posterior compartments, i.e. irrespective of whether it differentiates as vein or not. A gap of label is seen in third instar discs along L3, and less conspicuously along other longitudinal veins. In pupal wings all longitudinal and transverse veins are characterized by lower levels of emc expression.
These regions correspond to those where emc mutant cells preferentially grow. Interestingly, emc is expressed at very low levels in the presumptive capitelum of the haltere, like in veins and wing margin in the pupal wing.
emc functions during the growth and differentiation of the wing imaginal disc
Cell proliferation in the wing disc is spatially heterogeneous, with clonal restrictions in vein presumptive regions delimiting the inter-veins in both wing surfaces since early in development (Gonzalez-Gaitan et al., 1994) . The observed clonal behavior of emc mutant cells suggests that proliferating cells in the wing anlage have spatial heterogeneities within the inter-vein territory, from the borders of clonal restrictions, veins, to middle intervein region.
We have presented elsewhere (Diaz-Benjumea and Garcia- ; Garcia-Bellido and de Celis, 1992) a morphogenetic model in which the growing wing epithelium can be conceived as forming a landscape with maximal positional values along presumptive veins, i.e. along clonal restrictions, and minimal ones in middle inter-vein regions. In this landscape positional values corresponds to amount of function of a 'nuclear' gene, and differences in nuclear gene activity, controlled by cell-tocell communication, would drive cell division. Cell division in the anlage would proceed until the cells along the restriction borders reach maximal values and the difference of positional values between neighboring cells along the slope is below a certain threshold value (GarciaBellido and de Celis, 1992). The failure of emc cells to generate inter-vein territories suggests that emc function controls the function of the postulated nuclear genes operative in intercalar cell division (Fig. 8) . emc mutant cells would generate similar positional values, thus impeding cell intercalation. The preferential growth of emc mutant cells along the veins indicates that emc insufficiency generates maximal positional values, i.e. clonal restrictions and veins. The occasional appearance of emc clones along middle inter-veins may reflect either the existence of hidden clonal restrictions/veins or to similarity in positional values in the inflexion points of the proposed landscape (Fig. 8) . Interestingly, the narrower emc clones are 4-5 cells wide, similar to the width of normal veins.
Similar situation with respect to preferential growth in inter-vein regions was found in mosaics for mutant alleles in other genes. Thus, Notch (N) loss-and gain-of-function mutant cells grow towards or away from the veins respectively (de Celis and Garcia-Bellido, 1994) . Similarly occurs with veinlet (ve), thus ve+ and ve twin clones separate, the ve+ cells growing on veins and the ve cells preferentially in inter-vein regions . These positional preferences of mutant cells in mosaics suggest that mutant and wild-type cells recognize each other by differences associated with positional values. These findings are reminiscent of the results of dissociation/reaggregation experiments, where cells sort out and reconstruct patterns according to positional cues (Garcia-Bellido, 1966) . In the present case cell recognition is clearly related to differences in the organization and growth of inter-vein regions, differences that reveal spatial heterogeneities in the growing population related to cell proliferation and cell differentiation.
Experimental procedures
Genetic strains
We have used the loss-of-function allele emc' (GarciaAlonso and Garcia-Bellido, 1988; Martinez et al., 1993 ) and the gain-of-function emCAch (Garcia-Alonso and Garcia- Bellido, 1988; Garrell and Modolell, 1990 ) of the extramacrochaetae (emc, 3-0.0) gene. We also used Df(3L) emcE12 as a deficiency for the locus, and an emc+ duplication present at the tip of the X chromosome (Dp (3: Y: 1) M2) . The cell markers used for clonal analyses were: multiple wing hairs (mwh, 3-0.3), pawn (pwn, 2-55.4) forked (f 36a, l-56.7 ) (Lindsley and Zimm, 1992) and a transgene carrying the f wild type allele inserted in 77A (designated P[f+]77A, P. Martin and A. GarciaBellido, unpublished).
We used M(1)15D and M (3)65F to generate M+ clones.
Generation of mosaics
Mitotic recombination
was induced by X-rays (dose 1000 R; 300 R/min, 100 kV, 15 mA, 2 mm Al filter). Irradiated larvae were timed in hours after egg laying (AEL). Adult flies of the appropriated genetic constitution were dissected out and their nota, halteres and legs mounted in lactic acid/ethanol (1: 1) for microscopic examination. Pairs of appendages of the same individual were used to make morphometric comparisons in cases of mosaicism. Estimation of trichome densities and number of cells in mosaic areas were done in photographic reproductions of wings using the program IMAGE (obtained from W. Rasband, NIH, Bethesda, MD).
Analysis of emc pattern of expression
In situ hybridizations were made with digoxygeninelabeled emc DNA probes. We followed different protocols for hybridization in pupal wing (Sturtevant et al., 1993) and imaginal discs (Cubas et al., 1991) . In some cases in situ hybridization were done in discs previously stained for /I-galactosidase to reveal engrailed and apterous expression in envxho25 (Hama et al., 1990 ) and in apRK568 (Cohen et al., 1992) lines respectively, following the protocol of Cubas et al. (1991) .
